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® . Apparatus for proiMng radiation of con«roDed spectral composRi^ 

@ The invention reiates to ah apparatus for providing 
radiation of controlled spectral composition, comprising 
radiation sources (51, ... 5n) each emitting a quasi- 
monochromatic radiation, a control unit (9) operating the 
radiation sources (51, ... 5n) corresponding to a predeter- 
mined spectral composition, and a dispersing element (1) 
irradiated by the radiation sources (51, ... 5n) to produce the 
radiation of the predetermined spectral composition. In a 
preferred embodiment having no. moving parts the radiation 
^ sources (51. ... 5n) or outlet ends (71, ... 7n) of fibre optic 
0^ elements (61, ... 6n) attached to them, the dispersing ele- 
ment (1) e.g. a concave reflecting grating and an exit slit (2) 
_^ for the radiation produced l>y the dispersing element (1) are 
in a fixed position with respect to each other, and the radla- 
W tion sources (51, ... 5n) or the outlet ends (71, ... 7n) of said 
Ol fibre optic elements (61, ... 6n) are located with respect to 
_ the dispersing element (1) so that they are imaged onto the 
' ^# exit slit (2) via the dispersing element (1). The apparatus 
may be used as a double monochromator or a radiation 
synthettzer. 
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APPARATUS FOR PROVIDING RADIATION OF CONTROLLED 
SPECTRAL COMPOSITION 



The subject matter of the present invention is an appa- 
rata, for providing radiation of controlled spectral composition. 



BACKGROUND ART 



Apparatus for providing monochromatic radiation have' 
already been well known. Such- devices, i.e. monochromators/ have 
been applied e.g. for plotting transmission or reflection- spectra 
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of different substances. With one type of these monochromators 
the monochromatic radiation, the wavelength of which is succes- 
sively changing as a function of. time, is produced from a poly- 
chromatic radiation by an optical system comprising a properly 
moved plan or concave optical grating. However, the so-called 
monochromatic radiation contains different adverse components in 
addition to the single wavelength component required, which, 
when considering spec tropho tome trie applications for example, 
deteriorate the accuracy of the measurements. Furthemore, the 
apparatus known heretofore are not applicable to produce radia- 
tion of any predetermined spectral composition. 

DISCLOSURE OF THE INVENTION 

The object of the present invention has been to provide an 
apparatus capable to produce not only a controlled monochromatic 
radiation but also a radiation of any controlled spectral cam- 
position. 

Therefore the present invention relates, to an apparatus 
for. providing radiation of controlled, spectral composition ^cpm- 
prising radiation sources each emitting a quasi-monochromatic 
radiation, a control unit operating the radiation sources cor- 
responding to a predetermined spectral composition,, and a 
dispersing element irradiated by the radiation -sources to gexierate 
the radiation of the predetermined spectral composition. 

In the apparatus according to the invention one or more 
quasir-monochromatic radiation sources are simultaneously operated 
by the control unit and. a single output beam of. radiation is 
produced from the radiation of this/ these source (s) by a 
dispersing element, preferably a concave reflecting grating, a 
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plane grating or a prism. When only one quasi-monochromatic ra- 
aiation source is operated at a time, the apparatus is operating 
as a double n^nochromator . When two or more quasi-monochromatic 
radiation sources are operated simultaneously, the app^.atus 
produces a radiation, the spectral composition of which cor- 

. , _ i-arii Ai-1on sources, so it is 
responds to the waveiengtns v^i- — 

operating as a radiation synthetizer. 

in a preferred embodiment of the apparatus according to 
the invention the radiation sources or outlet ends of fihre 
OP1.1C elements attached to said radiation sources, the dispersing 
element and an exit silt for the radiation produced by the 
dispersing element are in a fixed position with respect to each 
other, and the radiation sources or the outlet ends of the fibre 
optic elen^ents are located with respect to the dispersing 

element so that they are Imaged onto the exit slit via the 

dispersing element. A great advantage of this arrangement is 
having no moving mechanical parts. 

Another embodiment can also be accomplished whereiix the 
selective operation o£ the quasi-»onochro.atic radiati6n eo^tce^ 
is combined with the mechanical movement of certain el^nts Of 
the apparatus. In an embodiment like this the radiation s6urces 
or the outlet ends of the fibre optic elements connected to the 

-r-a in a fixed position with respect to each 
radiation sources are in a rxxea pw» 

other, the dispersing element and the exit slit for the radiation 
produced by the dispersing element are also fixed with respect 
to each other, and the apparatus is provided with a mechanism 
for moving the radiation sources or the outlet ends of the fibre 
optic elements on the one hand, and the dispersing element on 
the other hand with respect to each other. In another possible 
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embodiment, the radiation sources or the outlet ends of the fibre 
optic elements are fixed with respect to each, other ^ and the 
apparatus is provided with a mechanism for moving the dispersing 
element and the exit slit for the radiation produced by the 
dispersing element with respect to each other. In a further 
embodiment the radiation sotirces or the outlet ends of the fibre 
optic elements connected to the radiation sources and the exit 
slit for the radiation produced by the dispersing element are in 
a fixed position with respect to each other # and the appauratus 
is provided with a mechanism . for moving the radiation sources or 
the outlet exids of the fibre optic elements on the one handir and 
the dispersing element on the other hand with respect to each 
other. When considering thiese einbodiments comprising moving 
parts /the apparatus is preferably provided with a control unit 
operating the radiation sources one after the other and in 
synchronism with said moving mechanism. 

In the apparatus according to the invention each of said 
radiation sources may preferably ccxtiprise at least one solid- 
state radiation emitting device. Some of the radiation sources 
..may comprise two or more simultaneously operated solid-state 
radiation emitting devices with overlapped wavelength ranges, 
thereby a radiation source of. particular wavelength range^ and 
intensity can be obtained which otherwise is not available. The 
solid-state radiation emitting device may be a light-emitting 
diode or a laser diode, however, the invention is not limited to 
any particular type of radiation sources. The radiation sources 
are only required to be quasi-monochromatic, that is the spectrum 
of each only extends to a relatively narrow band around the 
nominal frequency and upper hairmonics corresponding to the 
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multiples Of the- noxoinal frequency do not considerably exist. 

in a further preferred embodiment, of the apparatus ac- 
cording t:o the invention fibre optic elements are connected to 
.he radiation-emitting surfaces of the radiation sources, wherein 
U.e outlet ends of said fibre optic elements are of narrow 
rectangular form. Thereby these narrow outlet ends can be po- 
sitioned considerably nearer to each other than the radiation 

sources tiiemselves. 

The control unit of the apparatus according to the in^ 
vention can be accon^plishea in .»any different ways, in an ap- 
paratus accomplished e.g. as a monochromator the control unit 
preferably comprises a counter controlled by a clocic generator, 
a decoder connected to an output of the counter, and switching 
^plifiers, connected to outputs of the decoder, for driving the 
radiation sources via intensity control devices. 

The control unit operating the radiation sources is 
preferably adapted to a probrammable control of the operational 
seguence of the radiatic^n sources and/or the intensity and/or the 
duration of the radiation emitted by the individual radiation 
sources. This can be effected e.g. by a control unit comprising 
a programmable data processing unit, a first and a second 
register connected to output lines of the data processing unit, 
an analog switching device having an analog input connected to 
said first register via a digital-to-analog converter and a 
control input connected to said second Register, and amplifiers 
for driving the radiation sources, said amplifiers being con- 
nected to analog outputs of the switching device, with this 
embodiment the intensity of the successively operated radiatxon 
sources as well as the sequence of the operation are programm- 
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able, and the program data can be stored in a memory. 

In another embodiment providing radiation of optionally 
programmable spectral composition the control unit comprises a 
• progreunmable data processing unit and a plurality, of signal ge- 

nerators, each of them operating one of the radiation sources 
periodically for a predetermined time interval^ wherein the time 
Interval set inputs of said signal generators are connected to 
output lines of the data processing unit, and the time interval 
write inputs are connected to output lines of a decoder controlled 
by the data processing unit. Thereby two or more of the radiation 
sources can also be operated simultaneously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in the followings relying 
on preferred embodiments of the apparatus according to the. 
. invention Illustrated in the drawings, wherein 

FIG. 1 is a schematic drawing of an embodiment comprising 
a concave reflecting grating, 

FIG. 2 represents a schematic drawing of anonher embodi- 
ment comprisix&g a plan reflecting grating, 

FIG. 3 is a sch^atic drawing of a further embodiment 
comprising a prism, 

FIG. 4 represents a schematic- drawing of a further embodi- 
ment comprising a concave reflecting grating being 
moved In operation r 

FIG. 5 is a schematic perspective view of an embodiment 

comprising a concave reflecting grating, where the 
radiation sources are moved In operation. 
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PIG. 6 is a schematic view of another embodiment cpmpri-. 

sing a concave reflecting grating being moved in 
operation # 

FIGS. 7 and 8 illustrate two possible lay-outs and 

accomplishments, respecttvel, of the fibre optic 
element., connected to the radiation sources of an 
apparatus according to the invention, and 
FIGS. 9 to 11 illustrate different embodiments of the 

control unit applied in an apparatus according to 
the invention* 

MODES OF CARRYING OUT THE INVENTION 

i-Hose of the same function are 
The same elements or those ox 

I„ Fi,. 1 «.e dispersing element 1 Is a per se k»<»m con- . 
eve renec^, ,r.tln, h.vln, a reXat^ BowX.„.-=lr=Xe K The . 

ci 5n as well as the exit slit 2 

radiation sources 51 , 52 , . . . 

Copenlng, are located along the Howland-circle K. The radiation 
sources SI, S., ... 5n e.it ,uasi-.onocnro^tic radiation bea^ 
^.ds point B (vertex) of the dispersing element 1 . The mono- 
chromatic bea» reflected by the dispersing element 1 and passing 
«^ough the exit slit 2 falls upon a sample 3 to be measured, 
and the radiation transmitted by the sample 3 is measured by a 
radiation detector 4. The radiation sources 51, 52, ... 5n are 

operated by a control unit 9 via lines 45. 

c-i «;■? 5n emit radiation in a 

The radiation sources 51 , 52, . . . «u ^ 

J, \7 xn. and the radiation 

narrow wavelength range around XI, X2, ... Xn, 

emitting surface of each one is located along the Rowland-circle 
K at a sutiable position so that the monochromatic beam reflected 
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by the dispersing element 1 being irradiated, by said quasi-mono- 
chromatic beam just passes through the exit slit 2 corre- 
sponding to the general grating-equation: 

sina + sinp = . (1) 

In equation (1) a is the angle included by the incident radiation 
beam emitted by tbe radiation sources 51, 52, ... 5n and the 
normal to the grating, $ is the angle included by the radiation 
beam of wavelength A reflected by the grating toward the exit 
slit 2 and the normal to the grating, a^ is the spacing between 
the grooves on the grating and k is a positive integer referring 
to the order of the diffraction. In the embodiment illustrated 
3 = 0, and the angles a1, a2, ... an are given by equation (1) 
substituting the values of A1 , A2, ... Xn, respectively. 

When only one of the radiation sources 51, 52, ... 5n is 
operated by the control unit 9 at a time, the apparatus forms a 
double monochromator . That is to say, the grating as a dispersing 
element 1 produces a radiation beam, e.g. with a nominal wave- 
length of XI , being monochromatic to a greater extent than the 
quasi-monochromatic radiation beam emitted by the radiation 
so\irce 51 . However, by an appropriate operation of the control 
unit 9 a radiation of predetermined spectral composition can also 
be produced in the exit slit 2. In this case the required ones 
of the radiation sources 51, 52, ... 5n are operated simultaneously 
by the control unit 9 and so the apparatus can be utilized as a 
radiation synthetizer. 

In the present description the term "dispersing element" 
refers to an element wherein the relation between the angle of 
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, r^or^aT-^■ure of the radiation beams is 

incidence and the angle of departure ot 

i^««<-h In Fiq. 1 the dispersing element 1 
depending on the wavelength, in Fxg. 

,.<T,a in Figs. 2 and 3 other types of 
is a concave reflecting grating, in Fxgs. 

the dispersing element 1 are illustrated. - 

xn an apparatus co..esponaing to the present invention the 

^± ^ av-ir»Ti from the 

radiation produced may be an electromagn«.x. 

- 100 nm) to the infra-red region 
region of ultra-violet rays (x - lOO nm) to 

. 30 coo . xn «.e region o. t.e vlsl.le l.,ht (X - 3.0 to 
SOO t.e apparatus can also ^. appll^ as a colcur-s^tKetlser. 

„ e->odl.»t ,«llar to U..t o* 1 " lllustr.tea „ 

.1,. therein the dispersing ele^t 1 is a per se Icno™ plan 

reflecting grating, an* --fore .•• ^-ses ar^ 

<o 5n. and a lens lu 

attached to the radiation sources 51, 52, ... 5n, 

focuses the hea. reflected by the plan grating onto the exit;^ 

.XI. The hea, o, radiation passing through the e.it slit 2 

..lis on the sample 3 and the radiation reflected hy the sa^le 

IS assured hy the radiation detector 4. «>e radiation so^ces 

5,, 5a, ... 5n as well as the related lenses 81, 83. ... »n shall 

« located corresponding to the gratmg-eguatlo. relating to the 

plan reflecting grating. . 

«> e»bodi.ent similar to that of Pig. 2 is sho»n In Fig. 

. ' 1 is a prism- The beam of radxa- 

serein the dispersing element 1 is a prr „ , 

tion passing through the e,it slit 2 is directed to the sample 
hy a lens V,, and the radiation tr«.s.itted by the sample rs 
measured by the radiation detector 4. 

apparatuses Illustrated in Figs. 1 to 3 can be very 

advantageously utilized as a double monochromator, -herein a 
very small dissipation can be attained by the pulsed operation 
of the radiation sources 51, S2, ... 5n. «hen applying as a 
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radiation synthetizer the required radiation sources should only 
be operated at the same time. 

In the embodiment Illustrated In Fig. 4 the radiation 
sources 51 , ... 5n are fixed and the dispersing element 1 con- 
sisting of a concave reflecting grating Is to be rotated around 
a shaft positioned at point B. The iexlt slit 2 is mounted to the 
dispersing element 1 e.g. by means of a holder 12. The exit slit 
2 is to. be positioned along the Rowland-circle R of the grating. 
When rotating tbe grating the related Rowland-circle R aiid the 
exit slit 2 will also be rotated. The dispersing element 1 drawn 
with continuous lines in Fig. 4 is shown in a position when the 
radiation source 51 is operated by the control unit 90, the 
radiation-emitting surface of the radiation source 51 being 
positioned along the Rowland— circle R. The lay-out is selected 
geometrically according to the general grating-equation ( 1 ) 
corresponding to a wavelength A1 . When another one of said ra- 
diation sources is operated by the control unit 90, the dispersing 
element 1 together with the exit slit 2 is to be rotated so that 
the general grating-equation (1) is fulfilled for the wavelength 
in question. The rotated position corresponding to the .operation 
. of the radiation source 5.n is Illustrated in Fig. 4 by the dis- 
persing element 1 • , the Rowland-circle R* , the holder 1 2 • and 
the exit slit 2'* The radiation source 5n is fixed so that its 
radiation emitting surface is positioned along the Rowland—circle 
R* and the emitted quasl-roonochromatlc radiation is directed to 
the point B. With this system the operation of the radiation 
sources 51 ^ ... 5n and the mechanism for moving the dispersing 
element 1 have to be synchronized. This is symbolically repre- 
sented by an interconnection 99 between the control unit 90 and 
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in more aewll i» "gs. 5 a»a 6. 

The aispersin, el«»e« 1 of the .ppa.atu= show„ x„ 
i. . £i.ed ooncve reflecting gratln, and the exit silt 2 

permanently alon, the «o-lana-clrcle « ot said gr.t.n,. 

T^adiation sources 51, 52, .., 5n is 
holder 14 couiui.xox"^i — — - 

, a" circle R. The radiation-emitting .surfaces 
„.oved along the Rowland- cxrcle R. T , ,^„„ a line 

ci S2 5n are located along aline 

of the radiation sources 51, 52, ... :>n 

,3 „.e «.der the other. The lines 45 oper.tln, the r*ai,tlon^ ^ 
™ S,. S3. ... 3n are ,olne. In a c.lh, ,S and .cnneCe. to 

outpats of the control unit 90. 

Xhe holder ,« la —tea to a hoialn, .e^er «, ana the 
hea» of radiation emitted by the radiation source heln, 3»st . 
operated fro» between the radiation sources 51. 52 ... n is 
rrf lected by the dlspersln, ele^nt 1 onto the exit sl.t as^ 
^nochr^tlc be., of radiation «hlch, a.ter passln, th^^.. the 

=««.r,le 3 to be measured, and the ra 
^■^i.t. slit 2 falls on the sample J to » 

. K the sample 3 is measured by the rad-iatton 
diation transmitted by the sample 3 is 

9c 4.5 rotatably mounted to an ena 
detector 4. The holding member 26 is rotataD y , ^ 

Tortion 2S o. a distance element 2., and its o-.^---^^ 

termmed by a rod 2^ fitted in a through hole provided in the 

V. 26 The rod 29 is supported in a bearing 30 at a 
holding member 26. The roct 

„ ^-o the center (vertex) of the grating 
point B corresponding to the cenre oi 

i^^r^*- 1 The distance element £i 
constituting the dispersing el^ent 1 . The d 

- ^ -jR at a Doint C corresponding to the 
is supported in a bearing 28 at a poxn 

c^ter Of the Kowland-clrcle B. The end portion 2S and 
«.e hoiam, 2. IS driven by rotatm, a — 

, ,4 The threaded portion of the 
passing through a support member 24. The th 

. . tn a threaded member 19 supported in a bearing 
shaft 18 is driven xn a threaaea 
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20 at a point A of the Rowland-circle R just opposite to the 
point B, and is rotated by a fixed motor 16, e.g. a stepper 
motor, preferably via a flexible coupling 17. The shaft 18 is 
provided with a larger diameter end portion 23 to stop the 
support member 24, this latter being pressed by a spring 22 
supported by a collar 21 mounted on the shaft 18. The end portion 
25 of the distance element 27 is provided e.g. with two pins 
protruding upwards and downward, respectively, fitted in holes 
provided in the holding member 26 and the support member 2A, 
respectively, wherein said holes do not reach the transverse 
holes provided for the rod 29 and the threaded shaft 18, res- 
pectively. 

It can be seen in Fig. 5 that while rotating the shaft 18 
the radiation sources 51, 52, ... 5n will always move along the 
Rowland-circle R with respect to the fixed reflecting grating 
applied as a dispersing element 1 and the fixed exit slit 2 so 
that said radiation sources 51 , 52 , • . . 5n radiate always toward 
the point B. The apparatus according to Pig. 5 can also be 
arranged so that both the radiation sources 51, 52, ... 5n and 
the exit slit 2 are located on the holding member 26 in a 
Ifittrow-arrangement, or else the exit slit 2 is located on the 
holding member 26 and the radiation sources 51, 52, ... 5n are 
fixed with respect to the dispersing element 1 . In these latter 
cases the sample 3 and the radiation detector 4 shall also be 
mounted on the moving holding member 26. 

In Fig. 5 the control unit 96 provides for the syixiironous 
operation of the moving mechanism and the radiation sources 51 , 
52, ... 5n, the interconnection 99 between the control unit 90 
and the stepper motor 16 is illustrated schematically, only. In 
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.o«se Of «>e »oUo„ always c„e o. «.e .aa.at.o,. =o«.ces 

7 sn Has « ^ op^atea. «.e waveXe.,«. o. »«c. .a.as 

, ..t 1 to pass through the exit slit 2. 
the dispersing element 1 to pas 2 

^ illustrated in Fig. 6 the exxt slit 2 
With the apparatus xllustr 

^4-^r^« cinnrces are zxxea 

and th. holder 14 conprlaing tne x...-.^ . > . 

» under the other in the diawin?) . * 

, .i«ro.™e„e„tJo„e Jde ^,..^.ed 

above the other and mountea xn .... 

, of .he paper. This bea„ r.dla.lo. r.aohe. 
^ve the surface c£ the PP ^^ ^^^^ ^^^^^^^^^^^ 

aispersln, element 1 comprised ^ 

«atin, the center point B of «hich is positioned m the 

: t r;ap.r. ,nd a ^e.^ radiation -ith a "--^ ^ ^ 

— ° - --^rrrsJirp^rirrLfaoe 

:: :: r—: r^tied . the .a.pie . ...eteoted 

r:ro:rn, the rad^tlon so^. .n-ted^^h 
.e hoTder U. »ith their radiation .ittin, 
^ , line one under the other, are joined in a cahl, and 
oonnected to th, outputs of the control unit ,0. 

.„ the embodiment illustrated in ri,. 6, t.» e.,. pri-.^ 
„ d 3a are also mounted in a fixed position »ith 
Slide-ways 31 and 32 are aj. ^ ^ -^k is 

respect to the holder U and the e«it slit . . 
^ided h, the siide-wa, 3. free of pLV -ioh. " / ^ 

to the radiation sources and the exxc 
in a plane corresponding to tne r _ 

. 74 is also gviided free of play by the 
slit 2, whereas a member 34 is also g ^is 

axis T2 being perpendicular to the axis T1 
slide-way 31 along an axis i^ o ^ 

and lying in the plane of the exit slit 2. ^ 
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A holding inember 39 formed at one: end of a, distance element 
36 and carrying the dispersing element 1 consisting of a concave 
reflecting grating is rotatably supported on a pivot 38 mounted 
to the sliding member 35. The center point of the grating 
coincides with the aucis T1 . The other end of the distance ele- 
ment 36 is pxvotedly connected to the: sliding member 34 by means 
of a pivot 37. The pivots 37 and 38 are perpendicular to the 
common plane b£ the slide-ways 31 and 32> . and intersect the axes 
T2 and T1 , respectively. The length of the distance element 36, 
i;e. the distance between the pivots 37 and 38/ is equal to the 
diameter of the Rowland-circle related to the concave reflecting 
grating • The mechanism is moved by means of a threaded shaft 33 
fitted in a threaded hole provided in the member 34, driven e.g. 
by a motor 41^ but it can also be rotated manually, while the 
member 35 is freely sliding on the slide-way 32, 

A code disc 4 O is mounted to the shaft 33,, forming a part 
of a digital auigalar position transducer 42 per se known. When 
the code disc 40 is rotating an electronic digital signal appears 
on the parallel output of the angular position transducer 42 
corresponding to the actual angular position. This parallel out- 
put is connected to an input of the control unit 90 via line 43. 
The control unit 90 being properly programmed synchronizes the 
moving mechanism to the operation of the radiation sources, 
partly by the proper control of the motor 41 e.g. a stepper 
motor via line 44 and partly by driving the lines 45 operating 
the radiation sources. The. interconnection 99 between the 
control unit 90 and the moving mechanism is provided by lines 43 
and 44. 

It can be seen, that with the embodiment according to . . 
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^- . to the pivot 37, point B corre^ . 
„ .H. radiation e»i«i„, surfaces 0£ «.. . ^ 

r^r:::: r.e _ ..... 

same time ti>. ,^ toovm 

T„ Fia 7 Jlbre ottl<= ele.ei.ta 61, 62, ... 

r ri to tne raaiatlon ealttln, surfaces cf t^ radiation 

s»«~= " ^ ,4 ,„a arrawed along a 

eor^r ones are Joined In a holder ^^ents 
,nl. arr.n,e.ent can pre.era.ly be applred ^e ^ 

■= 6 Thereby the outlet ends 71, 7Z. 
nxust.a.ea in Pi.s. 5 ana 6 ^ ^^^^^^ ^^^^ 

. 7n can be placed more densely and in 

» CI 52. ... 5n themselves, 
radiation sources 51, 6„ are attached 

in Fig. 8 fibre optic elements 61, 62, 

i: the radiation sources 

„ the radiation -Ittln, surface of t^e ^^^^ 
^« the outlet ends 71 , 72, ... 
T L^'a^a^L rectangles. ««reby «.e outlet ends ,1 . 7., 
„. — - ^land-clrcle . very clo-e to 

_ . 7n can be placea ax y 

^eh other and this .ay be very advantageous ^ th, ca 

^l^ts Illustrated 1. «gs. ^^^^ ^ , provided for 

.1,. , an e-,od«e»t of the c ^ 

'lirirerirs. 1: a .oper se^ence one after 
Fig. 9 as IBDs or laser 

the other, suitable laser diodes have -en e =rlh^ ^ 

— — r:,:. dnneted to a .pply 

of said radiation sources 51, 52, ... ^ 
,oltage V. while the other terminals are connected to 
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switching ampliffiers 49 via intensity adjusting devices, e.g. 
adjustable potentiometers 50. The differences in the intensity o£ 

the radiation existing between the radiation sources 51, 52, 

5n powered with the same supply current can be compensated with 
the potentiometers 50, or else intensity differences can be 
adjusted as required. The switching amplifiers 49 are controlled 
by outputs of a decoder 48, wherein only one of the switching, 
amplifiers 49 is controlled at a time by said decoder 48, cor-j 
responding to the signal provided on a parallel output of a 
counter 47. The counter 47 is driven by a clock generator 46., 
As it can be seen, the radiation sources .51 , 52> i . . 5n are ^ 
operated periodically one after the other, the radiation source 
51 will succeed again after the radiation source 5n. 

Another embodiment of the control, unit 9 can be seen in 
Fig. 10, which is also applicable to operate only one of the 

radiation sources 51, 52, 5n, but the sequence: of their 

operation is optionally programmable. One terminals of the. ra- 
diation sourcies 51, 52., 5n are connected to the supply 
voltage V, while the other terminals are connected to analog 
outputs of an analog switching device 63 via amplifiers 64. The 
switching device 63 has. bl single analog input, and that one of 
the analog outputs is just ponnected to said analog input, the 
address of which is applied to an addressing input from a re- 
gister 59. The analog input is fed from the output of a digital- 
-to-analog converter 60, the digital input of which is connected 
to an output of another register 58.. The data inputs of the 
registers 58 and 59 are. connected to outputs of a data processing 
unit 53 via parallel data lines 54 and 56, respectively, while 
their write Inputs are also connected to the data processing 
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The data processing 

unit 53 Via lines 55 and 57, respectxvely . 

...eferably be realized with a n.icroprpcessor . 

the intensity of the radiation t» be 

signal correal - ^h.r.after. a- vnrite 

•J ^ the parallel lines 54, thereatter 
e„lttea IS provided on the P ^^^^^^ 
=i»n.l IS provided on each of the ixnes 55 

analog signal on the output of the dl,ltal-to- 
" T^l^tr ooUs^ndlng to the Intensity regulr.,, 
T'h is^r.^ - - - -^""-^ " corresponain, 

r ed radiation source via the an.lo, switching de, 
to the addressed radia^ ^^^^ 
vice 63, and thereby the address . „ 

■th the adjusted Intensity until new intensity and , 
..dlate With «,e^. ^^^^^ ,3. 

address sisals will be P ^^^^^^^^ ^.ioaically 

The radiation sources 51, 52, .-- 5» 

«er the other so that the radiation source 51 will s« 
one after the oth ^^^^ 

the radiation source 5n, yet th radiation 
and even the duration of the radlatl^ Period of each 

rm^^erent of each other, 
sourc^e may be different ^ ^ ^^^^ 

A further emobdiment of the controx 

. ^^ whereby the radiation sources 51, 52, ... 
Fig. 11 » whereoy ^ one terminal of 

=.r,ri <n anv combination, one 
operated in any sequence and in any 

. source 51 is connected to a .supply voltage V, 
the radiation source 5i is ^ a 

^le its o.i.er ter-nal Is connected to the output o, 

«f ler 151 , the control mput of which heln, con- 
switching amplifier 151, ^ ^^^^^^^ 

.acted to the output of a slg-^ ,_„tor .141 

cperatlon of the radiation source 51 ., The 

is c».prised Of a register 101 a^ • counter 1.1, as well as 
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<3igital comparatoir 111 connected to the data outputs of ttie re- 
gister 101 and the counter 121. The counter 121 incremented by 
clock signals provided by a clock generator 66 applies a' signal 
upon its zero- transitions to the set input of a flip-flop 131, 
thereby a signal will appear on the output of the flip-flop 131 
controlling the switching amplifier 151* A digital signal 
appearing on output lines 69 of a data processing unit 65, 
preferably a microprocessor, is written into the register 101 
upon a write signal appearing on an output line 91 of a decoder 
67. Wb^n the content of the counter 121 incremented by the clock 
signals equals with the digital signal written in the register 
101, a signal will be applied from the output of the comparator 
111 to the reset input of the flip-flop 131, whereupon the 
signal on the output of the flip-flop 131 stops to ejcist. So it 
can be seen, that the radiation source 51 will be operated 
periodically with a cycle time corresponding to the counting 
period of the counter 121 and during a certain part of this 
period specified by the content of the register 101. Th^ decoder 
67 is connected to output lines 68 of the data processing unit 
65, and a signal will be provided on that one of the output lines 
91, 92, ... 9n, which is assigned by a digital signal received 
on lines 68. The clock generator 66 receives a timing signal 
from the data processing unit 65 via line 76. 

Similar operating circuits are rendered to each of the 
radiation sources 51, 52, 5n. Thus the radiation source 5n 

illustrated is provided with a switching amplifier 15n and a 
signal generator 14n comprising a register lOn, a counter 12n, 
a comparator 11n and a flip-flop 13n. The counter 12n is also 
connected to the output of the common clock generator 66, the 
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10„ » oo.nec.ea « «.e line, 6, wnll. 

its write input to the line ^ the effect 

" ce. he seen ^^^^^ ee. each 
- the cloch ....tin, .i,«ai to . 
=.1 ftenerator 14if ^ which 

«.e P.6per »it=hl.9 / proper 

corresponain, to the digital signal »r.tten 

.egletex lol , - - - '°»- present invention can ho- 

- apparatus -"-^J.^J^, ^^ent, iimstratea. 
„^ ^ acco»plished dx«erently ^ „„a-st,te li.ht- 

so., raalation source. , ^sl-«.no- 

aioaes oo..t. _ ^ ....ea 

ehron^tic characteristics ^ i„,:ensity 

^Tl'tl ail, each, so^ suecessi,. ra- 
,.^es intensity of th .^acteristlcs. 

alation sources -ay ^..^nochro^tic 
a.at i. of th. sa-e type ^ ^ ^^^^^ ^ ^^^^ 

^ cK. aioaes in question is o 

chara=t«: of the a ^ ^^^^^^^^ 

sufficient intensity ^ ^ 

The f I.' err.n,e».«t of 9- , « 6. Therehy such 

.imstratea In one of Figs- 
«vlng »«=haais« ,^^,1^. -herein the number of 

. ..^le-.oncohro»ator ^J^f ^. n^^er a of 

- xe^lrea J7j:;'_ _^»..lc raai.tlon. 
th. fre^ency values. ^eea fro» the .^asl-i«.»o- 

— Afferent ire^enc^ c ^^^^ ^ 

.,Hro»atlc raawtio. of . ^ 
d..pl,ce«nts hy the .ovin, -echanxs. of .i,s. 



BNSOOCIIXEP ^D110201A2J,> 



C1 10201 



- 20 - 

CLAIMS 

1 . Ah apparatus for providing radiation of controlled 
spectral composition, characterized by comprising radiation 
sources (51, 52, 5n) each emitting a quasi-monochromatic ra- 

diation, a control unit (9, 90) operating the radiation sources 
(51, 52, ... 5n) corresponding to a predeteocmined spectral 
composition, and a dispersing element (1) irradiated by the ra- 
diation sources (51, 52, ... 5n) to produce the radiation of the 
predetermined spectral composition. 

2. The apparatus according to claim 1, characterized in 
that the radiation sources (51, 52, ... 5n) or outlet ends 
(71, 72, ... 7n) of fibre optic elements (61, 62, ... 6n) 
attached to the radiation sources (51, 52, ... 5n) , the dis- 
persing element (1) and an' exit slit (2) for the radiation pro- 
duced by the dispersing element (1) are in a fixed position with 
respect to each other, and the radiation sources (51, 52, .•. 5n) 
or the outlet ends (71, 72, ... 7n) of the fibre optic elements 
(61, 62, ... 6n) are located with respect to the dispersing 
element (1) so that they are imaged onto the exit slit (2) via 
the dispersing element (1). 

3. The apparatus according to claim 1, characterized in 
that the radiation sources (51, ... 5h) or outlet ends (71, 
7n) of fibre optic elements (61, ... 5n) attached to the ra- 
diation sources (51, ... 5n) are in a fixed position with respect 
to each other, the dispersing element (1) and an exit slit (2) 
for the radiatiCTi produced by the di^)ersing elenent (1) are also in a 
fixed position with respect to each other, and the apparatus is 
provided with a mechanism for moving the radiation sources (51, 
... 5n) or the outlet ends (71, ... 7n) of the fibre optic ele- 
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<e,. ... en, «.e aisp«sln, ele^n. .„ w.«, «=P.« 

to each other. 

4. The apparatus according to claim 1, characterized in 
that the radiation sources (51 , . - - 5n) or outlet, ends (71, ... 
7„, of fibre optic ele^nts (61 , . . . 6n) attached to the ra- 

^„ ,.,1 . 5n) are in a fixed position with res- 

pect to the dispersing el^ent (1), and the apparatus is provxded 
with a mechanism for moving the dispersing element (1) and an 
exit slig (2) for the radiation produced by the dispersing ele- 
ment (1) with respect to each other. 

5. The apparatus according to claim 1, characterized in 

5n> or outlet ends of fibre 
that the radiation sources (51 , . . . ^n) or o 

optic elements (61 6n) attached to the radiation sources 

(51 ... sn) and an exit slit (2, for the radiation produced- by 
the dispersing element (1> are in a fixed position with respect 
to each other. ax«i the apparatus is provided with a .echanis. 
for moving the radiation sources (51, ... 5n, or the outlet ends 
(71, ... 7n) of the fibre optic elements (61, ... 6n) and saxd 
disi>ersing element (1) with respect to each other. 

6. The apparatus according to any of claims 3 to 5, cha- 
racterized in that the radiation emitting surfaces of all ra- 

5n) or the outlet ends (71, ... 
diation sources (51, . ^nj ot 

the fibre optic elements (61 6n) attached to said surfaces 

are arranged along a line (13, or along an optical Image of a 
line (13) to irradiate the dispersing element (1). 

7. The apparatus according to any of claims 3 to 6, cha- 
racterized by comprising a control unit (90, to operate the 

f«;i 5nl one after the other and rn 

radiation sources (51, — ^nj 

synchronism with said moving mechanism. 
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8, The apparatus according to any of claims 1 to 7, cha- 
racterized in that the dispersing element (1) is a concave ref- 
lecting gratirig or a plan grating or a prisro. 

9* The apparatus according to claim 2, characterized in 
that the dispersing element (1) is a concave reflecting grating, 
and both the exit slit (2) and the radiation emitting surfaces 
of the radiation sources (51/ . . . 5n) or the outlet ends (71., 
. • \i 7n) of the fibre optic elements (61, ... 6n) are positioned 
along the Rowland-circle (R) of the concave reflecting grating. 

10. The apparatus according to any of claims 1 to 9, cha^;' 
racterized in that each of the radiation sources (51, ... 5n) 
comprises at least one solid-state radiation emitting device. 

11. The apparatus according to claim 10, characterized in 
that some of the radiation sources (51, ... 5n) comprise two or 
more simultaneously operated solid-state radiation emitting 
devices with overlapped wavelength ranges . 

12. The apparatus according to claim 10, characterized in 

that some of the radiation sources (51,, 5n) cqrrespondl^gr 

to successive wavelength values . comprise solid-state radiation 
emitting devices of the same wavelength range. 

13. The apparatus according to any of claims 10 to 12, . 
characterized in that the solid-state radiation .emitting devices 
are light-emitting diodes or laser diodes. 

14. The apparatus according to any of claims 1 to 13, cha- 
racterized in that fibre optic el^ents (61^ ... 6n) are attached 
to the radiation emitting surfaces of the radiation sources 

(51, 5n) , said fibre optic elements (61, ... 6n) having outlet 

ends (71, ... 7n) with a narrow rectangular form. 

15. The appairatiis according to any of claims 1 to" 14, cha-. 
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.,=«.i,ea in .K,t the con«oi unit comprises . counter H7, 
contxciiea W e cXoc. ,ene.a.o. ..e, . a aec»aer ^-^^ 
„ „ o«.pc* Of the co«^«r and switohin, anplif.ers <4„, 

connected to ootpnt. of the aeco^er , for arivin, the 

■ fsi 5n) via intensity control devxces. 

diation sources {51, ... , ^ ,a ^ha- 

=.^^.>raina to any of claims 1 to 14, cba 
16. Ttie appai«^«'=' 

• ^ in that the control unit (9) operating the radiation 
racterxzed xn that tne ^ ^^-.^^ 
_rcee ,5,. ... .aaptea to a prcra»ahle controiXe o 

the operational sequence of the radiation sources (51, ... 5n, 

=.«ri/oir the duration of the radiation 
and/or the intensity and/or tne au 

emitted by «.e radiation sources (51 , . . . 5n) . 

,7 The apparatua aecording to clai. IS, characterised in 
that the control unit (9) con.p.ises a progrananable data pro- 
cessing unit (S3) , a first and a secona register C38, 59) con- 
.ected to outpu. lines CS4,5S,56,57) of the data processing 
.nit (53), an analog switching device (S3) having an analog in- 
p.t connected to said first register (58) via a digital-to- 

i60^ and a control input connected to said 
analog converter (60) ana «* . 

secona register ,S„ . and amplifier. connectea to 

ont^ts Of the switching ae^ice (63, for -.rivin, the radiation 

sources (51, ^n). irx 

,.. The apparatus aocordin, to clai- 16, characterised 
the control unit (9, c»prises a progra-nahle data pro- 
cessing unit (6S, and a plurality of signal generators (141, 
each Of th«. operating one Of the radiation sources 

^n, periodically and for a predetermined period, the 

period control input, of the signal generators ,1.1. -.^ 
heing connected to output lines («. of the data processrng 
,es,. While the ti« period »it. inputs of the signal ge- 
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nerators {141, ... 14n) being connected to output lines (91, 

9n> of a decodeir (67) cbn^trolled by the data processing unit (65) . 

19. The apparatus according to claim 18, characterized in 
that each signal generator (141, .-1 14n) comprises a counter 
(121, 12n) driven by a coramon clock generator (66), a re- 

gister (101, lOn) connected to said output lines (69) of the 

data processing unit (65), a digital comparatpr (111, ... 11n) 
connected to parallel data outputs of both said counter (121, 

12n) and said register (lOi, lOn) , and a flip--flop 

(131, 13n) connected to an overflow output of said counter 

(121, 12n) on the one hand, and to an output of said digital 

comparator (111, ... 11 n) on the other hand, an output of said 

flip-flop (131 # 13n) representing the output of said signal 

generator ( 1 41 , . . . 1 4n) . 

(7 drawings, 11 figures) 
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(m) Apparatus for provkBng radiation of controRed spectral cempoaitton. 

(§) 

The invention relates to an apparatus for providing radia- 
tion of controlled spectral connposftion^, comprising radiation 
sources (51, _ 5n) each emitting a quash^nonochron^dtic 
radiation, a control unit (9) operatirtg the radiation sources 
(51. ^ 5n) corresponding to a predetermir>ed spectral com- 
position, artd dispersing element (1) irradiated by the radia* 
tion sources (51. ^. 5n) to produce the radiation of the pre- 
determined spectral composition. In a preferred embodiment 
having no moving parts the radiation sources 151, ... 5n) or 
outlet ends (71, ^. 7n) of fibre optic elements (61, 6n) 
attached to them» the dispersing element (1> e.g. a concave 
reflecting grating and an exit slit (2| for the racitatton produced 
by the dispersing element (1) are in a fixed position with 
respect to each other, and the radiation sources <51, 5n) or 
the outlet ends (71,... 7n) of said fibre optic elements (61 , ^ 6n) 
are located wHh respect to the dtsperstng element (1) so that 
they are imaged onto the exit sIH (2) via the dispersmg ele- 
ment (IK The apparatus may be used as a double mono- 
chromator or a radiation synthetizer (Fig. 1). 




Fig.1 



flu 

Ul 



Croydon Printing Company Ud 



GNSOOaOE <EP ^0110201A3J_> 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



01 1 02O1 

Application number 

EP 83 11 1108 



DOCUMENTS CONSIDERED TO BE RELEVANT 



I Category 



Oiation Of document wAh .nd.«H.on. wt»ere appropriate. 



US-A-3 532 429 (R-C. HUGHES et 

- ) - _ . 

* Figure 1; colxmns 1,2 



V I 005 352 (J. MAASEN) 

* Pages 9-12 * 



Relevant 
to claim 



1,2.8 
9 



1,2,8 
9 



CLASSIFICATION OF THE 
APPLICATION JlntCl*) 



G 01 J 3/10 



A |US-A-4 259 014 (Y. TAIMI) 
* Claiias 1,5,6,15,19 * 



1,2,8. 
9 



TECHNICAL FIELDS 
SEARCHED(lnt.CI.4) 



G Ol J 3/00 

G 01 N 21/0O 
H 01 L 33/00 



Ttt,pw>am»e«rch report has been dra»irh up 



for all 



Place of search 

THE HAGUE 



Me of completion of th« mrch 
29-10-1984 



[Examiner 
DIETRICH A. 



CATEGORY OF CITED DOCUMENTS 
S I V - narticulariy relevant if taken o>one ^^.^^^^ 

* I document of the same categoiy 
A - techrK>logtca1 tmckground 
O- rwn-written disclosure 
P - intermediate document 



T • theory or principle undertytng tt2-"7I2r!i^"«r 
E ' ew«er patent dbcoment. iHit published on. or 

after the fiino date .^^^ 
D document cited m the application 
L • document cited for other reasons 

&: member of the same patenrfamilvTc^orresponding 
document 



BNSDOC tPc <EP 01 10201 A3_l_> 



